INTRODUCTION
It is well known that various substances cause changes in the conformation of proteins when present in aqueous-protein solutions. The complex conformational and conûgurational factors affecting the structure of proteins in solution make the direct study of protein interactions difficult. Therefore, 
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AbSTRACT
The present study deals with the structure-making and breaking behaviour of some alpha-amino acids in aqueous sucrose (disaccharide) solution at 301.15K. Experimental values of density, viscosity and speed of sound were carried out on the ternary mixtures of water +sucrose + amino acids namely (L-asparagine, L-glutamine L-serine and L-threonine) at 301.15K. The binary solvent mixtures was prepared by taking sucrose at different mass percentages, say at 0%, 5%, 10%, 15%, 20%, and 25% was added with water. The given amino acids under study were added with aqueous solvent under different molarities at normal atmospheric pressure. The related and relevant parameters correlated to our present study such as adiabatic compressibility (b), molar hydration number (n H ), apparent molar compressibility (φ K ), apparent molar volume (φ v ) from water to aqueous solution and viscosity B-Coefficient of Jones-Dole equations were meticulously evaluated and eventually this present study predicts dominance of hydrophilic -ionic interactions in the solution. Besides, our investigation also explores about the presence of possible interionic interactions such as solute-solvent, solute-solute, ion-solvent and ion-ion in the solution.
Key words: molar hydration number, solute-solvent, solute-solute, ion-solvent, viscosity B-Coefficient. one useful approach is to investigate interactions of the model compounds of proteins, i.e., amino acids in aqueous and mixed-aqueous solution [1] [2] [3] [4] [5] . The physicochemical properties of amino acids in aqueous solutions provide valuable information on solute-solute and solute-solvent interactions that are important in understanding the stability of proteins, and are implicated in several biochemical and physiological processes in a living cell 6 . Water is chosen for preparing mixed solvent because its presence gives rise to hydrophobic forces 7 , which are of prime importance in stabilizing the native globular structure of proteins. The interactions of water with the various functional groups of proteins are important factors in determining the conformational stability of proteins [2] [3] [4] . The stabilization of native conformations of biological macromolecules (proteins) is related to several non-covalent interactions including hydrogenbonding, electrostatic and hydrophobic interactions 9, 10 . These interactions are affected by the surrounding solute and solvent molecules; for this reason, the physicochemical properties of proteins are strongly affected by the presence of these solutes. Because of direct solute-solvent interactions and/ or alteration of the water structure, these solutes can change many properties of globular proteins, such as their hydration, solubility and the activity of enzymes 1, 4, 5, 11and 12 . These interactions are important in understanding the stability of proteins, and are implicated in several biochemical and physiological processes in a living cell [13] [14] [15] [16] . The protein-carbohydrate interactions are important for immunology, biosynthesis, pharmacology, medicine, and cosmetic industry [17] [18] . Thus, the properties of amino acids in aqueous-carbohydrate solutions are essential for understanding the chemistry of biological systems [19] [20] [21] [22] . Direct study of solute/solvent interactions is difficult due to complex conformation of biological macromolecules 5 . Therefore, the convenient approach is to study simpler model compounds i.e. amino acids and peptides, which are the basic components of proteins 5, 6 . When dissolved in water amino acids convert into zwitterionic forms due to the ionization of their carboxyl ("COOH) and amino groups (NH 2 ). In physiological media, this dipolar character of amino acids has an important bearing on biological functions. Amino acids differ from each other in size, charge, hydrogen-bonding capacity, hydrophobicity and chemical reactivity. Hence, these side chains contribute to the structure and function of proteins, individually and collectively 7 .
The protein-carbohydrate interactions are impor tant for immunology, biosynthesis, pharmacology, medicine and cosmetic industry 23, 17 . Thus, the proper ties of amino acids in aqueous-carbohydrate solutions are essential for understanding the chemistry of biological systems 18, 19, 24 have studied the volumetric, ultrasonic, and viscometric behavior of L-histidine in aqueous glucose solutions 25 have studied the density, viscosity, and speed of sound of diglycine in aqueous xylose, L(-)arabinose, and D(-)ribose solutions; in aqueous glucose, galatose, and fructose solutions 19 of L-alanine in aqueous fructose solutions 2 and the density of L-alanine and L-valanine in aqueous sucrose solutions 26 have studied the density, viscosity and ultrasonic velocity of L-serine, L-glutamine, and L-aspargine in aqueous glucose solutions.
To the best of our knowledge, no volumetric, ultrasonic, and viscometric studies have been reported on amino acids with polar uncharged side chain in aqueous carbohydrate solutions, except the study by 4 who investigated volumetric and viscometric properties of arginine in aqueouscarbohydrate solutions. These considerations led us to undertake the study of α-amino acids (with polar uncharged R group) in aqueous-disaccharide solutions. In recent years, a number of workers have determined the various thermodynamic properties of these model compounds in aqueous solutions containing simple electrolytes having hydrophilic nature 25, 3 . But very few studies have been done in aqueous disaccharide solutions 26, 4 .
In the present study, we report the densities, r ultrasonic speeds, u and viscosities, h of solutions of α-amino acids in aqueous sucrose solvents taken at regular intervals 0%, 5%, 10%, 15%, 20% and 25% of sucrose, at 301.15 K and at normal atmospheric pressure. An attempt has been carried out in the light following aspects: 
·
To shed more details on the viscometric study, viscosity B-coefficient of Jones-Dole equation has also been evaluated.
Experimental methods
The α-Amino acids (SRL India, mass fraction purity > 0.99) was used after re-crystallization from ethanol-water mixture and dried in vacuum over P 2 O 5 at room temperature for 72 h. Sucrose (E. Merck, Germany, mass fraction purity > 0.998) was used as such without further purification, except drying in oven for 24 h . The aqueous sucrose solutions 0%, 5%, 10%, 15%, 20% and 25% mass percentage of sucrose, were prepared using triple distilled water (conductivity less than 1x10 -6 S.cm -1 ) and these were used as solvents and amino acids was added of six different molar concentrations (ranging from 0 to 0.1 in step of 0.02). The chemicals were weighed in an electronic digital balance (SHIMADZU AX-200, Japan Make) with a least count of 0.0001g. The density was determined using a 5ml specific gravity bottle by relative measurement method with an accuracy of ±0.01kgm -3 . An Ostwald's viscometer of 10ml capacity was used for the viscosity measurement. Efflux time was determined using a digital chronometer within ±0.01s. An Ultrasonic interferometer having the fixed frequency of 2MHz (Mittal Enterprises, New DelhiModel: F-81) with an overall accuracy of ±0.1ms -1 has been used for velocity measurement. An electronically digital operated constant temperature bath (RAAGA industries, Chennai) has been used to circulate water through the double walled measuring cell made up of steel containing the experimental solution at desired temperature, whose accuracy is maintained at 0.1K.
RESULTS AND DISCUSSION
The values of density (r), viscosity (h) and speed of sound (U) of α-amino acids in aqueous sucrose solution at 301.15K are shown in Table  1 In the all four amino acid systems studied, (from Table- 1) our present values of density increase with increase in molar concentration of amino acids as well as mass percentage of sucrose content. The other measured parameter ultrasonic velocity (U) which is also found (from Table- 2) to be increased with increase in same concentration of amino acids as well as aqueous sucrose content. Such an observed increase in the ultrasonic velocity in these solutions may be attributed to the cohesion brought about by the ionic hydration; which may also be due to the overall increase of cohesion brought about by solute-solute and solute-solvent interaction in solution.
Incidentally, the density (r) which is a measure of solute-solvent interactions, which can be attributed as increase of density with concentration indicates the increase in solute-solvent interactions, whereas the decrease in density indicates the lesser magnitude of solute-solvent interactions. Increase in density with concentration is due to the shrinkage in the volume which in turn is due to the presence of solute molecules. As observed in Table- 1, an increasing trend of density values may be interpreted to the structure-making behavior of the solvent due to the added solute 29 .
In the present study, the measured pH values of aqueous solution were found to be less than 8.4 (Table- 2) however, these pH values decreases, while increasing molarities of amino acids as well as mass percentage of the sucrose. This can be inferred that at the pH of the solution, the side-chains of the acidic amino acids studies are considered to exist mainly as Zwitterions in aqueous sucrose solution, having mainly the -OH groups. Sugar molecules such as glucose or sucrose is a polyhydroxy compound and its addition to amino acid (with short alkyl chains) aqueous solutions were found to enhance the zwitterions (-CHCOO -and NH 3 + ) hydrophilic -OH group interactions and almost eliminate the of hydrophilic -hydrophobic interactions between the -OH group of sucrose or water and non-polar alkyl chain of amino acids, at higher concentrations. Sucrose molecules have a ring structure and have several -OH groups. It may be infered that when amino acids are added with aqueous sucrose solution, the terminal groups of zwitterions of amino acids, NH 3 + and COO -are hydrated in an The adiabatic compressibility (b) of the solute can be expressed as the extent to which hydration around the solute molecule can be expressed. The perusal of Table-3 exhibits the values of adiabatic compressibility (b), which are found to be decreased with increase in molar concentration of solute (aminoacids) as well as mass percentage of sucrose content. Such a decrease in adiabatic compressibility observed in solvent (aqueous sucrose solution) may be attributed to weakening of hydrogen bond in the solution. It is well known fact that when a solute dissolves in a solvent, some of the solvent molecules are attached to the ions (produced from the solutes), because of ion-solvent interaction. Since, the solvent molecules are oriented in the ionic field; these molecules are more compactly packed in the primary salvation shells as compared to the packing in the absence of the ions. This is the reason, why the solvent is compressed by the introduction of the ions. Thus, the electrostatic field of the ions causes the compression of the medium giving rise to a phenomenon called 'Electrostriction'. Since the water molecules are compressed, they do not respond to a further application of pressure. So the solutions become harder to compress. Consequently, this will lead to in decrease in compressibility values. It may also be inferred that weakening of hydrogen bond strength formed by the solute and solvent molecules may also be the reason for decrease in compressibility 31 . The present investigation finds that b values are larger in L-serine system comparing other amino acid systems, advocating the strong molecular association in this system. 30 . It can be taken as an added support for the structure making nature of solutes as well as the presence of dipolar interactions between the solutes and water molecules. This sensitive parameter also suggests that the compressibility of the solution will be less than that of the solvent, resulting in solutes will gain more mobility and have a more probability of contacting solvent molecules, which in turn may enhance the interaction between the solute solvent molecules. Our present study finds that the values of n H which are decreasing with increasing molar concentration of solute (amino acids) and however, found to be increased with elevation of mass percentage of sucrose. This may suggest that an enhancement of solute-co solute 
Molar compressibility studies
The apparent molar compressibility (ϕ K ) of the solute is given by the relation in which, m is the molarity of the solution (mol.dm -3 ), r o is the density of the solvent (kgm T h e va l u e s o f t h e a p p a r e n t m o l a r compressibility (φ K ) and apparent molar volume (φ V ) are all negative over the entire molarity range of amino acids (solute).
The values of apparent molar compressibility (φ K ) are found to be increased with increasing molarity (m) of solute (amino acids).
It is also interesting to note that apparent The evaluated former parameter Limiting apparent molar compressibility (ϕ k 0 ) which is concerned with the ion-solvent interactions and its later related constant (S K ) of the ion-ion interactions in the solution, which are systematically tabulated in Table- Table-6) where it shows a reverse trend.
The increasing behavior of partial transfer volume values (∆φ v 0 ) shows stronger and more extensive interactions between amino acids (cosolute) and sucrose (solute) and vice versa. It is interesting to note that large value of ∆ϕ 0 V are observed in L-serine system The electrostriction at zwitterionic terminals due to ionic-hydrophilic interactions between the zwitterionic centre of amino acids and the -OH group of sucrose molecules decrease, which in turn, cause the larger values of "ö v 0 are dominant in L-serine system over the other co-solutes, which is attributed due to the existence of strong hydrophilic-ionic interaction
The partial transfer volume (∆φ v 0 ) can be explained on the basis of Co-Sphere Overlap Model 33 The overlap of ions of co-solute (amino acids) and solute (sucrose) comes into play because of the interaction between (i) ions of solute (amino acids) and hydrophilic, -OH sites of disaccharide (sucrose) molecules, and (ii) ions of co-solutes (disaccharide) and the hydrophobic parts/ groups of amino acid molecules. Out of which, the former type of interactions contributes positively, and later type of interactions to negatively to ∆φ v 0 values. The possession of positive values of ∆φ v 0 indicates the dominance of hydrophilic-ionic interactions. This may be further interpreted as the overlap of hydration co-spheres of two ionic species results in an enhanced volume as some electrostricted water molecules return to the bulk water with a higher volume contribution then electrostricted water molecules; whereas, overlap of hydration co-spheres of hydrophobic-hydrophobic groups and ion-hydrophobic/hydrophilic-hydrophobic groups and results in a net volume decrease. This may due to greater hydrophilic-ionic groups and hydrophilic-hydrophilic groups interactions, with the presence of more hydroxyl groups in sucrose molecules. Incidentally, the larger values of ∆φ v 0 are observed in L-serine system comparing its other co-solutes. Hence it is very ambiguous that L-serine identified as an effective structure maker in aqueous sucrose solution as it enhances all possible interionic interactions such as solute-solvent, ionsolvent, solute-co solute etc (except ion-ion) in the mixture. Hence it is very obvious that of all the amino acids, L-serine is an effective structure maker in the present system of the mixture. Similar trend is already noticed by earlier workers, supports our present study 25, 33 .
In general, the following types of interaction occurring between amino acids and sucrose can be classified as follows [36] [37] [38] [39] 1.
The hydrophilic-ionic interaction between OH groups of sucrose and zwitterions of amino acids.
2.
Hydrophilic-hydrophilic interaction between OH groups of sucrose and OH groups in the side chain of amino acids. 3.
Hydrophobic-hydrophilic interaction between OH groups of sucrose molecule and polar (-CH 2 ) in the side chain of amino acid molecule.
4.
Hydrophobic-hydrophobic group interaction between the non-polar groups of sucrose and polar (-CH 2 ) in the side chain of amino acid molecule. 
Viscometric studies
We have incorporated the viscometric study by employing the Jones-Dole equation 40 .
h/h 0 = 1=Am 1/2 +Bm Where h and h 0 are the viscosities of the solution and solvent respectively, m is the molar concentration (mol.dm -3 ) of the solute. A and B are constants which predict for a solute-solvent system. A is known as the Falkenhagen co-efficient which characteristics the ionic interaction in the solution and B is the Jones-Dole (or) viscosity B co-efficient, which depends on the size of the solute and the nature of the solute-solvent interactions.
Viscosity is one of the key transport properties of the solutions. Accurate viscosity data give useful information regarding ion-solvent interactions (long-range electrostatic interaction), which are the controlling force in dilute solutions. Viscosity data are necessary to calculate the physical parameters of Jones-Dole equation, which apply to analyze the experimental data [40] [41] . In the present study, the values of B for all studied system are positive and the positive values of the B coefficient is attributed with structure making (ordering) ions. Our present study finds that the viscosity B co-efficient values are decreasing with increase mass percentage of sucrose content. However, in L-serine system, an increasing trend in observed. It is obvious that the increasing positive values of B in this system clearly attribute the dominance of solute-solvent interactions comparing the other three liquid systems.
For identifying the ionic interactions existing in the mixture, which is reflected by the values of A in the present investigation are all positive and decrease with increase of mass percentage of sucrose content (From Table- 6) , which clearly depicts the weakening of ion-ion interaction in the mixture. This is in well agreement with our earlier conclusion drawn from the associated constants of S k and S v .
